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(54) COMPLEXES OF BROMINE AND NONIONIC 
SURFACTANTS 



(71) Wc, DIVERSEY LIMITED, a 
British Company of Codcfosters Road, Cock- 
fosters, Bamct, Hcrtforddiir^ do hereby 
declare the invention, for whidi we pray that 

5 a patent may be granted to tis, and the 
mcdiod by which it is to be performed, to be 
panicularly described in and by the fol- 
lowing statement: — 
This invention relates to novdl complexes 

10 comprising bromine and ediyiene oxide-con- 
tainmg Tiooionic surfactants with or without 
hydrochloric add and possessing bactericidal 
properties against a wide range of micro- 
organisms. More particularly the invention 

15 relates to complexes of a similar type to those 
described in oar c(^)ending Application No. 
52517/68 (Serial No. 1,252,774). 

The halogens, chlorine, bromine and iodine 
are recognized as excellent bactericides and 

20 are used extensively, particularly in the food 
processing and handling industries, to prevent 
bacteriological contaminaticHi of foodstuffs. 
Halogen sanitizers are also used in controlling 
potentially haimful organisms in potable water, 

25 swimming pools, hospitals and almost any- 
where that harmful organisms can present a 
contamination problem. 

Chlorine, both as free chlorine and as the 
hypodilorite ion, bromine as free bromine and 

30 as the hypobromtte ion^ and iodine as free 
iodine or a sohition of iodine in some co- 
solvent, have been widely used in sanitizing 
applications for many years. Iodine however 
suffers serious disadvantages in that iodine 

35 containing compositions can cause serious 
staining problems and if residual iodine cximcs 
into cwnact with foodstuffs, taste can be ad- 
versely affected. 
Chlorine and bromine are extremely re- 

40 acdve diemically and are much more volatile 
than iodine. Heretofore, excessive loss of 
chlorine and bromine occurred especially in 
liquid compositions of faig^ strengdi which 


lost a substantial portion of their sam'tizing 
effectiveness during storage. Moreover, highly 45 
concentrated solutions of chlorine or bromine 
have high vapour pressures causing the solu- 
tions to fume excessively, thus presenting a 
health hazard. When highly ccsicentrated sdu- 
tions of chlorine and bromine are dilured to 50 
use solutions, their fuming properties are still 
excessive. Furthennore, dilorine and bromine 
arc highly corrosive materials and cannot be 
used to sanitize many materials because of 
their corrosive properties. Also, chlorine and 55 
bromine in many compositions now available 
are irritating to hmnan tissue. 

The present invention provides a complex 
of bromine and any nonionic surfactant of the 
fonnula: 60 
RO(RaO).(R.O)o(R30)pH 

where R is hydrogen, an alkyl group, or a fatty 
acid acyl group, Ri and R3 which may be ^e 
same or different are cither ethylene or a mix- 
ture of ethylene and alkylenes having frwn 65 
3 to 8 carbon atoms and the oxygen/caibon 
ratio in the (RiO)^ and (RiO% hydrophilic 
groups exceeds 0.4, R* is any alkylene group 
having from 2 to 8 carbon atoms or a mixture 
iliereof, m is any number from 1 to 150, n is 70 
any number from 0 to 150 and p is any num- 
ber from 0 to 150, the sum of m, n and p 
being at least 3. 

Some classes of nonionic surfactants which 
can be used to complex bromine and form 75 
complexes within the scope of this inventi(m 
are; 

1. Polyalkyleneoxy alcohols 

2. Polyalkylene oxide block copolymers 

3. Polyalkyleneoxy esters of fatty adds 80 
The polyalkyleneoxy alcohols useful in pro- 

ducing these complexes can be represented by 
the formula: 

R0(R,0)„(R30)pH 
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^wheie R is any alkyl or fatty add acyl groups 
R„ Ra> m and p have the meanings defined 
above and the sum of m and p is at least 3. 
Polycthjdcneoicy alcohol surfactants of the 
5 formula: 

RO(CH2CHsO)ja 

where R is any alkyl group having from 11 to 
15 carboa atoms and m is a number from 3 
to 30 are particularly useful in making bromo* 
10 phors. 

The polyalkylene oxide blodk copolymers 
useful in producing these complexes can be 
represented by the f onnula : 

RO(RiO)„CRsOXH 

15 where R is hydrogen or an alkyl groiq> prefer- 
ably having 1 to 8 carbon atoms and Rs is any 
alkylene groq> having from 2 to 8 carbon 
atoms or mixtures thereof and the oxygen/ 
carbon ratio in the (RsO)b hydrophobic group 

20 dues not exceed 0.4, Rj is any alkylene group 
having from 2 to 8 carboa atoms or mixtures 
thereof and the oxygen/carbon ratio in the 
<RiO)i„ hydrophilic group exceeds 0.4, n rtprc- 
sents any number from 1 to 70, and m repre- 

25 seats any nunxber from 2 to 150. 

The polypropyleneoxy ptrtyediyleneoxy 
ethanol block polymers useful in producing 
these complexes can be represented by the 
formula: 

30 HOCC:,H,OX(C,HoOMCtH,OXH 

v^^cre b leprcsents any number from 10 to 70 
and a and c represent any numbers from 2 
to 150. 

The alkyl nuxed polypropyleneoxypoly- 
35 ethyleneoxy polyethyleneoxy ethanol hereric- 
block polymers useful in producing these 
complies can be represented by the formula : 

RC^{C5H^0i(QH,0X] [CJH.OlcH 

where R is any alk^ group having from 1 to 
40 8 carboa atcmis, a is any number from 14 to 
49, b is any number from 1 to 10, and the 
weight ratio of a to b is within the range of 
95:5 to 85: 15> and c is any number from 18 
to 100. 

45 Butoxy mixed pdypropyleneoxypoly- 
ethyleneoxy polyethyleneozy edianol heteric- 
blodc polymer surfactants of the foimula : 

QH,0[(CJI,OX<CJEI,aX]IC«ftO]cH 

where a is 21, b is 3 or 4^ and c is any number 
50 from 27 to 48 are specially useful in making 
bromc^ors. 

The polyethyleneoxy esters of fatty adds 
useful in producing these complexes can be 
represented by the formula: 

55 RCX)0(RiO)„H 


where R is any alk^ group having from 7 to 
23 carbon atoms, Ri is either ethylaie or a 
mixture of ethylene aid alkylenes having from 
3 to 8 carbon atoms and the oxygen/carbon 
ratio in the (RiO)ni hydrophilic group exceeds 60 
0.4, and m is any number from 3 to 40, 

Polyethyleneoxy esters of fatty acids of the 
formica: 

R-COO(CH3CH20)«H 

where R is an alkyl group having from 10 65 
to 18 carbon at(Hns and m is any number from 
5 to 40, are particularly usdhil surfactants 
for making bromophors. 

The complexes provided by this invention 
can be readily produced by combining the non- 70 
ionic surfactant and bromine under suitable 
reaction, or complexiog conditions. It is gener- 
ally advisable to use liquid bromine and to 
combine it witib the surfartant in liquid 
form. Many of the surfactants are liquid at 75 
ambient temperature but those that are not can 
be heated to liquefy them. Reaction betweoi 
the liquid bromine and liquid surfactant is 
generaliy b'^y exothermic. Therefore, the re- 
action mixture should be stirred vi^rously, 80 
and cooled if necessary, as the bromine is added 
slowly to the liquid surfactant It is generally 
advisable to maintain the temperature of the 
reaction mixture at 20**F. to 200°F. for ^tis- 
factory results: When it is deared to increase 85 
the temperature of die reaction mixture, the 
rate of addition of the bromine can be in- 
creased Following addition of the bromine the 
reaction mixture can be stirred to facilitate 
complete reaction. The reaction mixture can 90 
then be cooled to ambient temperature. The 
resulting compoatiMi comprising a bromophor 
of bromine and a nonionic surfactant can be 
packaged and stored. Complexes which are 
solid at ambient temperature can be prilled or 95 
granulated to improve subsequent handling 
and use. However, most bromc^hors produced 
from solid surfactants are liquids at ambient 
conditicms and can be used in such form. 

The amount of bromine cranplexed with the 100 
nonicmic surfactant can be varied through 
rather wide limits. Thus, on a weigjit basis;, 1 
part of bromine can be complexed with from 
1 to 9 parts of ^irfactant Although as little 
as 10% bromine can be used, it is generally 105 
not practical to combine less than 1 part 
bromine with 4 parts of surfactant. Further- 
more^ tisually not more than about 1 part 
of bromine is complexed with 1 part of surf- 
actant since higgler amounts of bromine may HO 
not give complexes with the desired stability. 

In addition, the amount of bromine which 
can be conylexed will vary to some extent 
with the various nonionic surfactants used. The 
most suitable c<MXiplexes obtained however are 115 
those formed by complexing 1 part by weight 
of bromine with 1.5 to 3 parts of surfactant 

It has funhemor^ been found that the 
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lengdis of the polyethyleneoxy chain in the 
surfactant has a direct effect on the amount 
of bromine which can be completed, the avail- 
ability of the complezed bromine and the 

5 si*ability of the complex during storage. Gener- 
ally, as ^ length of the poly^yleneoxy chain 
increases, so does the amount of available 
bromine in the resulting complex. However, 
after a catain length of polyethyleneoxy 

10 group is reached the stability of the resulting 
complex decreases as ^own by storage tests 
with loss of available bromine even though 
more available bromine may be initially pres- 
ent as the leaigth of the polyethyleneoxy ^up 

15 increases above this point ITie sutsequent 
ViTOfking examples will further illumtc this 
and show the advisability of correlating the 
polyediyleneoxy chain length with desired 
maximum storage stability. 

20 Another novd finding of this invention is 
that even more stable complexes can be ob- 
tained by having a small amount of hydro- 
chloric add present in the reaction mixture 
during fonnation of the bromine-noaionic 

25 surfactant complex. Advisably, the hydro- 


chloric add is combined with the suifactant 
before the surfactant and bromine are com- 
bined. Ccmoentratcd hydrochloric add is ad- 
visably used since added water is unnecessary. 
However, dilute hydrochloric acid can also be 30 
used. Nevertheless^ water is not considered 
beneficial since too much water can cause phase 
separation during preparation (rf the Comdex 
and subsequent storage or dilutions. The 
amount of hydrochloric add is not critical 35 
Generally, 1 part by weight of concentrated 
hydrochloric add (37%) to 3 to 100 parts of 
surfactant can be used. 

The next section oi this disclosure is divided 
into several parts, each part disclosing com- 40 
plexes bdonging to each dass of nonionic 
surfactant disdosed heretofore. 


Part 1 
Polyethyleneoxy Alcohols 
The first group of alkyi polyethyleneoxy 45 
ethanols to be considered are linear primary 
alcohol polyethyleneoxy ethanols. Hiis group 
can be represented by the fonnula 


CHr-<CHs)«r-<2l2--0---(CHir-01r-^ 


50 where m is any number from 9 to 13 and n 
is any ntimber from 3 to 30. 

Four different linear alcohol mixtures are 
disclosed herein. However^ disclosure of these 
alc(^ mixtures is understood to be for pur- 

55 poses of example only. This invention is not 
limited to use of these four alo^ol complexes 
within the group of linear primary alc(^ol 
polyrthyleneoxy ethanols. 

Example 1. 

60 A series of bromophinrs was produced by re- 
acting various linear primaiy alcohol poly- 
ethyleneoxy ethanol surfactants., having differ- 
ent mcHe ratios of edijdene oxid^ with liquid 
bromine A ratio of 63.3 parts by wd^t of 

65 surfactant to 36.7 parts by weight of bromine 
was reacted. The procedure to produce 
these bromophors follows and is illustrated by 
the specific use (rf a linear primary alcohol 
polyediyleneoxy ethanol whmin die linear 

70 alcdiol group is composed of a mixture of 
linear alcdids with the following amotmts 
of carbon atoms in eadi linear alcohol, to wit, 
Q.^20%, Cj8-30%, C,,-»30%, Q,-20% 
and whidi mixture of linear primary alcohols 

75 is ethoxylated with 9 moles of ethylene oxide. 
100 gmms of the above described surfactant 
was placed in a 400 ml beaker. This beaker 
of surfactant was placed on a magnetic stirring 


apparatus. All/2 inch stirring bar was used 
A thermometer was suspended in the surfactant 80 
and the surfactant was stixred as vigorously as 
possible without stirring air into tiie surf- 
actant 58 grams of bromine was added to die 
surfactant slowly. The 58 grams of bromine 
was added from a 50 ml burette. The 58 85 
grams of bromine at 25^C. is approximatdy 
equivalem: to 18.7 ml of bromine. The tempera- 
ture of the reaction mixture was allowed to rise 
slowly to 140^F. and when the temperature 
readied that poin^ the addition of the bromine 90 
was stopped. The reaction mixture was allowed 
to cool to 120 — 130*^?. and then the addition 
of bromine to the reaction mixture vms recom- 
mmced Addition of the bromine was con- 
tinued until the temperature of the reaction 95 
mixture again reached 140°?. The reactian 
mixture was allowed to cool as before to 120 — 
130°F. This cycle of additions and coolings 
was cominued until all 58 grams of hromiQe 
was combined with die surfactant. The re- 100 
action mixture was then allowed to cool to 
ambient temperature. A red-brown bromophor 
premix was obtained with an initial available 
bromine of 25.1% by weight 

Table 1 following lists the various surf- 105 
actants used in making bromophors according 
to this procedure and |ives pertinent physical 
and staUli^ data pertaming to them. 
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The data in Table 3 shows that the more 
hydrochloric acid in the suxfactani; the greater 
is the available broonine efficiency of tJie 
brtsnophor. It is also to be noted that the 
5 actual amount oi available bromine iacieases 
as the amount of hydrochloric add increases 

The second group of zlkyl pdyethylcneoxy 
cdianols to be considered arc seccmdary alcohol 
pol^thyleneoxy ethanols. This group can be 
10 rqpresented by the formula 

R« 

where and are alkyl groins and 

has 10 to 18 carbon atoms and 
n is any number from 3 to 30. As with the 
15 linear primary alcohol polyethyleneoxy 
ethanols^ the examples cited below are not to 
be construed to be limiting for the purposes of 
this disclosure. 

Example 4. 

20 A series of bromopliores was produced by 
reacting various linear secondary alcohol poly- 
ethyleneoxy ethanol surfactants with and with- 
out hydrodiloric add (37%), having different 


mde ratios of ethylene osdde with liquid 
bromine. A ratio of 63,3 parts by weigjit of 25 
surfactant; or a surfactant-hydroohlonc add 
<37%) mixture, to 36.7 parts by wdgbt of 
bromine was reacted. This example is illus- 
trated by the specigc use of a linear secondary 
alcohol polyediyleneoxy ethanol of a hydro- 30 
phobe chain lengdi mixture of from 11 to 15 
carbon atoms and containing 12 moles of 
ethylene oxide in each surfactant molecule 
Either the straight surfactant or a surfactant- 
hydrochloric add mix was used. If a surf- 33 
actant-hydrodilCMTic acid mixture was used, 0.5, 
1.0, 5.0 and 10.0% hydrochlwic axid (37%) 
was placed in the surfactant In the procedure^ 
95 ^rams of surfactant was placed in a 400 ml. 
leaker and 5 gnams of concentrate hydrtK 40 
chlwic add (37%) was added to the surfactant 
and mixed thoroughly with the surfactant. The 
resulting 100 grams of surfactant-hydrochlwic 
acid <37%) mix was then brominated with 58 
grams of bromine as described in Example 1. 45 
A red-brown brcmophor was obtained whldi 
contained 18.9% available bromine initially. 
Table 4 describes the o&er bromophore made 
according to diis escample. It is to be noted that 
100 grams of straight surfactant or surfactant- 50 
hydrochloric add (37%) mix was used 
throughout. 


TABLE 4 


Stability at 75— 80**F, of Linear Secondary Alcohol Polyethyleneoxy 
Btfaanol-Hydrochloric Add Bromophors With Varying Amounts of Hydrodiloric Add 


3 None 49. 3 18.1 9.0 not tested — 

beyond 1 week 

3 0.5 47.9 17.6 8.3 

3 1.0 47.4 17.4 8.0 

3 5.0 46,3 17.0 9.3 

3 10.0 49.0 18.0 7.7 

7 None 45.2 16,6 10,6 nottcsted 

beyond 1 week 

7 0.5 49.0 18.0 9.3 

7 1.0 50,1 18.4 11.6 

7 5.0 50.4 18.5 10.0 

7 10.0 52.9 19,4 12.0 

9 None 46 . 0 16.9 11.5 not tested 

beyond 1 week 
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TABLE A (continued) 


Surfactant 
Mole Katio 
ofEtliylenc 
Uxiac 

To v>onc riUl 
(37%) in the 
Surfactant 
prior to 
Bromfnation 

Available 
Bromine 
Efficiency 

% 

Percent by Weight of Available Bromine 

Initial 

1 Wk. 

4Wks* 

n 
V 



16.7 

11.1 


A 

y 

1 n 


18.3 

11.2 


9 



18.5 

13.5 


9 

iA A 

57,2 

21.0 

12.4 



None 


15.9 

9.8 

9.3 

12 

0,5 

45,2 

16.6 

11.7 

9.1 

12 

1,0 

46.0 

16.9 

12.6 

9,4 

12 

5,0 

51.5 

18.9 

14.2 

9.3 

12 

10.0 

56,7 

20,8 

13,8 

1.2 


This group of sur&ctants gives genexally 
less acceptable results when made into a bnnno- 
phor than other nonianic surfiactanta 


5 Part 2 

Polyalkylene Oxide Block Copolymers 
The first group within this part of the dis- 
dosure concerns polyj^opyleneoxy poly- 
cthyleaeoxy eihanol-broniine complexes. This 
10 group of suifactants can be represented by the 
formula: 

HO(QH,0),(QHcOMCH,OXH 

where b re|wiesents any number from 10 to 
70y and a and c represent any number from 


2 to 150. Examples this class of surfactants 15 
made into brwnophors follows. 

Example 5. 
7S,6 grams of a polypropyfcneoxy pdy- 
ethyleneoxy ethanol with 28 moles of propylene 
oxide in the central hydrophobe and 10 m<Ass 20 
of ethylene oxide in each of the two side hydro- 
philic groups was placed ia 200 ml beaker. To 
this quantity of surfactant, 3.6 grams of con- 
centrated hydrochloric acid (37%) was added. 
This surfactant-hydrochloric acid mix was then 25 
brominated with 17.8 grams of brtanine at a 
temperature of 120°F. as described in Ex- 
ample 1. A clear, red-brown liquid was ob- 
tained which had an initial available bromine 
of 12.7%. Table 5 gives the stability data for 30 
this example. 


TABLE 5 
Stability of the Bromopbor of Example 5 


% Available Bronune 

Time 

Room 
Temperature 

lOO'F, 

Available bromine efficiency ,% 

71.3 

71.3 

Inidal 

12.7 

12.7 

7 Months 

6,96 

1.63 

2years 

4.12 
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Since different analytical methods for de- 
temining bromine omtent may give different 
results^ procedure actually used in deter- 
mining the available bromine content of the 
5 bromophors of the various examples will be 
given for making reproducible cwnparisons. 
The procedure was as follows: 

500 to SOO ml of distilled water is placed 
in a 1000—2000 ml beaker. The water is 
10 sdrred vigoroasly with a stirring apparatus, 
such as a magnetic stirrer or a paddle stirrer, 
widi care not to stir air into the water. 

A weighed sample of a bromophor is trans- 
ferred as quickly as possible with a wash bottle 
15 into the stirred water. The final result will be 
adversely affected if the sample is not dis- 
solved as quickly as possible. If the sample is 
slowly soluble in water such as would occur in 
a viscous bromophor, the sample is predis- 
20 solved in rea^t grade t-butanol. Then the 
t-butanol solution of the bromophor is poured 
into the stirred water and rinsed in with a 
wash bottle as quickly as possible. 
To the mixture is quickly added 10 ml of 
25 40% w/v potassium iodide followed by quick 
addition of 10 ml of glacial accdc aciU 
Enough 30% Triton (Trade Mark) X— 102 
solution is added to clarify the sample solu- 
tion. The solution is then titrated whh 0.1 
30 sodium thiosulphate to a coloutless endpoint 
The bromine is then calculated from the 
resulting data* 

The bromophors produced as described, as 
well as others within the scope of this inven- 
35 tion, can be added to water to produce a use- 
ful solution or disperaon containing any 
de^red practical concentration of available 
bromine. When applied to surfaces the solution 
or dispersion gradually releases bromine which 
40 is cffecdve in combating microorganisms. Use 
solutions containing 0.1 to 500 ppm of bromine 
are particularly useful antibacteriologicaJly. 

It has been further discovered that when a 
bromophor is dissolved in water to make a use 
45 solution, it is stabiUzed by the presence of hard 
water salts whidi may exert a Iwiffering action 
on the solution. If a small amount of alkaline 
buffering material is present in the water^ the 
bromophor soludon is buffered up to a near 
50 neutral pH. Any water with sufficient tempor- 
ary hardness or bicarbonate hardness, should 
exhibit this buffering property. Some of the 
other buffering agents which can be used btc 
tctrasodium pyrophosphate and sodium tripoly- 
55 phosphate. 

Thus, bromophors are more bacrericidally 
effective dissolved in water containing tem- 
porary hardness than they are when they are 
dissolved in water containing no temporary 
60 hardness. This is true because the bromine is 
more stable in water with temporary hardness 
than water without temporary hardness or any 
other buffering or alkalizing agent present 
The solutions thus produced may be em- 
65 pl<^ to combat microorganisms domestically 


and industrially. For example, such solutions 
may be applied to paper in the course of its 
manufacture to control mould and fungi. They 
may be used for cleaning surfaces to ensure 
sanitary conditions^ such as for the cleaning 70 
of floors^ walls, sinks, bowls, tanks^ pasteurizers 
and pipdineSp as a rinse for dishes and kitdien 
utensils^ and as a germicidal composition. 

WHAT WE CLAIM IS:— 

1. A complex of bromine and any nonionic 75 
surfactant of the formula : 

RO(R,0>^20X(R30)pH 

where R is hydrogen, an alkyl group, or a fatty 
acid acyl group, R, and Rg which may be the 
same or different are either ethylene or a mix- 80 
ture of ethylene and alkylenes having from 3 
to 8 carbon atoms and the oxygen/carbon 
ratio in the (R,0)„, and (RsO)p hydrophillc 
groups exceeds 0.4, Rs is any alkylene group 
having from 2 to 8 carbon atMns or a mixture 85 
thereof, m is any number from 1 to 150, n is 
any number from 0 to 150, and p is any num- 
ber from 0 to 150, the sum of m, n and p 
being at least 3. 

2. A complex as claimed in claim 1 con- 90 
uining 1 pan by weight of bn»nine and 1 to 9 
parts by weight of smf accant. 

3. A complex as claimed in claim 2 con- 
taining 1 part by weight of br<Hnine and 1.5 

to 4 parts by weight of surfactant 95 

4. A complex as daimed in any of daims 
1 to 3 in admixture with hydrochloric aci± 

5. A complex as claimed in claim 4 in ad- 
mixture with 1 part by weight of hydrochloric 
acid (37%) with 3 to 100 parts by weight of 100 
surfactant 

6. A complex as daimed in any of claims 
1 to 5 in which the surfactant is any poly- 
alkylencoxy alcohol of the formula : 

RO(R,0)^{R,0)pH 105 

where R is any alkyl or fatty acid acyl group, 
Ri, Ra, m and p have the meaning defined 
in daim 1 and the sum <^ m and p is at least 

7. A complex according to claim 6 in which 110 
the surfactant is a polyeSiyleneoxy alcohol of 

the formula : 

RO(CHaCH50)„,H 

where R is any alkyl groi4> having from 11 to 

15 carb(m atoms and m is a number from 3 to 115 

30. 

8. A complex as claimed in claim 6 in which 
the surfactant is any linear alcohol poly- 
ethyleneoxy ethanoL 

9. A complex as claimed in daim 6 in which 120 
the surfactant is any secondary alcohol poly- 
cthyleneoxy ethanoL 

10. A complex as claimed in any of daims 
1 to 5 where the suriiactant is a polyaQcylene 
oxide block copolymer of the formula: 125 


14 


1,355^59 


14 


ROCRxO)„(R»OXH 

where R is hydrogen or an alkyl group having 
1 to S carbon atoms^ R^ is an aukylene group 
having from 2 to 8 carbon atoms or mixtures 

5 thcrec^ and the oxygen/carbon ratio in the 
(RsOX group does not exceed 0.4> R^ is an 
alkykne group having from 2 to 8 carbon 
atoms or mixtures thereof and the oxygen/ 
carbon ratio in the <RiO)b, group ecceeds 0.4, 

10 n represents any number from 1 to 70 and m 
rqyresents any number from 2 to 150. 

11. A complex as claimed in daim 10 in 
whidi the siifactant is a polyproj^encOTy 
polyethyiencoxy edianol block polymer of the 

15 formula: 

H0(C,H,O)g(QiH,OXC2H,0>JI 

where b represents any number from 10 to 70 
and a and c represent any number from 2 to 
150. 

20 12. A complex according to daim 11 where 
the surfactant is a polypropykncoKy poly- 
ethykneoxy ethanol blodc polymer of the 
foxmi^: 

HO{aH,0),,(C^60)«<QH.O),oH, 

25 13. A complex as daimed in daim 10 in 
wluch the suitactant is any alkyl mixed poly- 
propyleneoxypolyethylencoxy p<rf[yeriiyleneoxy 
edianol hetenc-block polymer of tiie fommla: 

RQI(QH,OX(CrH,0),] [CsHOleH 

30 where R is any alkyl group having from 1 to 
8 carbon atoms; a is any number from 14 to 
49 and b is any number from 1 to 10 and tibe 
weight ratio of a to b lies wrtiiin the range 
of 95 : 5 to 85; 15, and c is any number from 

35 18 to 100. 

14. A complex according to daim 13 in 
whidi the surfactant is a butoxy mixed poly- 
propjleneoxypolyethyleneoxy polyethyleneoxy 
etiianol heterlc-block polymer of die fomiula: 

40 QH,OKQH,OX(CH,OX]ICAO]oH 

where a is 21, b is 3 or 4, and c any num- 
ber from 27 to 48. 

15. A complex as claimed in any of claims 
1 to 5 where die surfactant is a polyethylene- 


oxy ester of a fatty add of the formula: 45 

RCOO(R,0>nH 

where R is any alkyl poup having fiom 7 to 
23 carbon atcansi, Ri is either ethylene or a 
mixture of ethylene and all^knes laving from 
3 to 8 carbon atoms and the oxygen/carbon 50 
ratio in the (R)0]^ grot^ exceeds 0.4, and m 
is any number from 3 to 40, 

16. A complex according to daun 15 in 
which the sozfactant is a polyethyleneoxy ester 

ci a fatty acid of the f onnula : 55 

R--COO(CH,CHfiO)aH 

where R is an alkyl grotip having frcm 10 to 18 
carbon atoms and m is any number from 5 to 
40. 

17. A complex as claimed in any of claims 60 
1 to 16 substantially as herein described with 
reference to the Examples. 

18. Tlie method of produdng a bromophor 
as daimed in claim 1 vduch comprises com- 
bining bromine and a nonionic surfactant as 65 
defined therein at a temperature of from 
10°C to 95^C and then cooling the resulting 
comi^ex to ambient temjperaturc 

19. A method as claimed in daim 18 in 
which the mixture contains 1 part by weight 70 
of bromme and 1 to 9 parts by wei^ of 
surfactant 

20. A method as daimed in daim 18 or 
daim 19 in which the surfactant is combined 
witii li^drocMbric add before bemg combmed 75 
with the bronine. 

21. A method as claimed in daim 18 sub- 
stantially as hcreindesdibed with rdference 
to the Examples. 

22. A use solution comprising a complex 80 
as claimed in any of claims 1 to 17 in an 
aqueous medimn, 

23. A use solution as daimed in daim 22 in 
which the use solution contains from 0,1 to 
500 ppm bromine. 85 

24. A use solution as claimed in claim 22 
subscamiaUy as herein described. 
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